The observation of substantially enhanced superconductivity of single-layer 
As one of the most important concepts in many body systems, electron-boson interaction (EBI) determines many fundamental properties of materials. The most prominent example is the formation of Cooper pairs in superconductivity, mediated by a proper type of bosons via EBI. Identification of the precise nature of the mediating bosons is necessarily the key step in understanding any superconducting system, be it conventional or unconventional. Unlike the cases of conventional superconductors where the bosonic modes are phonons associated with lattice vibrations, the mediating modes in unconventional copper-and iron-based superconductors [1, 2] are still highly controversial. Even more challenges are posed by the recently discovered interface enhanced superconducting systems of single-layer FeSe films on SrTiO 3 (FeSe/STO), where the superconducting transition temperature (T C ) can be dramatically enhanced to ~ 30 -65 K [3] [4] [5] [6] [7] (varying due to different measurement methods and definitions) from ~ 8 K in bulk FeSe [8] . Electron doping has been shown to be indispensable in achieving the dramatic interfacial T C enhancement [7, 9] . However, electron doping alone can only enhance T C up to ~ 40 K regardless of the doping approach [10] [11] [12] [13] [14] [15] [16] , leaving the extra ~ 25 K enhancement to be inherently tied to the oxide substrates. In a recent study, a specific type of EBI was invoked to be responsible for the T C enhancement in FeSe/STO, where the electrons in the FeSe are coupled with the phonons in the STO, the latter manifested by the replica bands [17] . However, theoretical model based on the renormalized forward scattering mechanism is controversial [18] . Our recent studies have shown that the electric field associated with the high-energy surface FuchKliewer (F-K) phonons of STO can penetrate into the FeSe films [19, 20] , making those modes strong candidates for the interfacial EBI. The energy of the involving F-K phonons is much higher than the Fermi energy of single-layer FeSe/STO, so the EBI related to this system is distinct from conventional electron-phonon coupling picture in metals. In this letter, we use complementary studies of both electronic structure and bosonic excitations to reveal the existence of dynamic interfacial polarons through the observation of polaronic plasmons. The polaron-polaron interaction is theoretically shown to be responsible for the superconductivity enhancement.
In this study, single-layer FeSe films were grown on STO [19, 20] , we detect a new mode at the high energy end of 150 meV, which exhibits strong temperature dependence as shown in Fig. 1(b) . Here we label the F-K and the new modes as β, α, and ρ, respectively. As we will demonstrate later, this new mode ρ corresponds to the collective excitation of phonon-dressed electrons (or polarons) of the systems, and contains rich information about the interfacial EBI.
We first note that, as a vital reference system, the STO substrate is a polar semiconductor, in which the electrons and their companying lattice polarizations (or phonons) form quasi-particles called polarons [23] . Just like conduction electrons in metals may move collectively as plasmons, the polarons in doped STO [24] can also be excited collectively as polaronic plasmons [25] . For the Nb-doped STO without FeSe, we also observe three modes, located at 59, 97, and 180 meV, as shown in Fig. 1 which is consistent with published data [30] . To probe the interfacial polaron with the plasmon by HREELS enables the identification of the interfacial EBI. Based on the present findings, it is also plausible to make a mechanistic connection between the reported replica bands from the ARPES measurements [17] and the interfacial polarons, an intriguing angle to be exploited by the community in future studies.
The temperature dependence of β, α, and ρ/ρ' modes reveals a striking contrast with and without the FeSe capping, as shown in Figs. 1(e) and 1(f) . Without the capping, ρ' softens significantly upon increasing the temperature, but the F-K modes exhibit little change in either the energy or the linewidth, as shown quantitatively in Fig. 1(f) for the α mode and visually in Fig. 1(d) for the β mode. These observations convincingly show that the polaronic plasmon mode is not effectively coupled with the F-K phonons on clean STO. In contrast, with the FeSe capping, both the ρ and α modes show pronounced softening upon increasing the temperature in a highly correlated manner, potentially also synchronized, an intriguing observation reported in a recent time-resolved study of bulk FeSe [31] . It is also observed that the broadening of the  phonon is accordingly significantly enhanced upon FeSe capping, as shown later. Taken together, we reach the conclusion that the EBI of the system has been substantially enhanced upon the FeSe capping by the activated coupling of the plasmon and α phonon.
The underlying reason for such an enhanced EBI could be attributed to the reduced symmetry associated with the capping and charge transfer from the STO into the FeSe.
The latter introduces significant variations in the band structure, accordingly in the EBI, and is indispensable for the interfacial enhanced superconductivity [7] . Furthermore, the electric field associated with the F-K phonons has been shown to be able to penetrate into the FeSe films [19] . Consequently, the transferred electrons in the FeSe and F-K phonons associated with the STO are expected to have enhanced coupling at the interface with spatial confinement and lowered symmetry. Considering that the FeSe electrons participating in the superconductivity are also part of the electron gas complex that gives rise to the polaronic plasmon, the two collective phenomena of superconductivity and polaronic plasmon oscillations are inherently correlated. Now that the α mode has been recognized to be a major component of the interfacial EBI, it becomes highly desirable to reveal the microscopic nature of the electron scattering processes activated by this mode. Such information is extracted from the electronic structures of the single-layer FeSe/STO system as measured by ARPES shown in Fig. 2(a) and the phonon dispersions from HREELS shown earlier in Fig. 1(a) . From energy conservation constraints, we expect that both intra-band electron scatterings within the μ band and inter-band scatterings from μ to φ and from ν to μ can take place, all mediated by the α phonon, but with smaller or larger momentum transfer, respectively.
The corresponding scattering magnitudes in the phonon momentum space, shown in Fig.   2 (b), demonstrate that both intra-and inter-band transitions are strong. Here the scattering magnitudes are illustrated by the imaginary part of the Lindhard response function (q, ħ B ), where ħω B ~ 97 meV is the energy and q the momentum of the α phonon. Indeed, as shown in Fig. 2(c) , the linewidth of the α phonon is significantly broadened upon the FeSe capping if compared to that without capping, more prominently at larger momenta.
The relative magnitude of the Fermi energy [E F ~ 56 meV, as indicated in Fig. 2(a)] and energy of the α mode (ħω B ~ 97 meV) renders an important nature of the interfacial EBI: non-adiabaticity. In this regime, the bosons can respond instantaneously to the slowly-moving electrons, as illustrated in Fig. 3a , and contrasted to the adiabatic regime [ Fig. 3(b) ]. This non-adiabatic nature is also corroborated by the measured electronmomentum relaxation time (τ m ~ 230 fs) [32] , which is much longer than the α phonon pulsation time (τ p ~ 41 fs). Given the non-adiabatic EBI, the interfacial polarons can migrate in the lattice, and should be described as dynamic interfacial polarons. Fig. 2(a) . The distinctly short coherence length determined here is also consistent with that of existing vortex radius measurements [3] , which is much smaller than the value (~5 nm) of bulk FeSe [34] .
To further exploit the local pairing nature of the dynamic interfacial polarons, here
we develop a microscopic model to describe the local polaron-polaron coupling, which may lead to superconductivity enhancement. The dynamic nature of the interfacial polarons can induce an additional attractive interaction within a short range (see the Ref.
[22] for details). Here the dynamic interfacial polarons only enhance the existing pairing strength in the FeSe without the polar field effect of the STO, irrespective of the detailed pairing mechanism involved. A schematic drawing of the strengthened pairing through the dynamic interfacial polarons is illustrated in Fig. 3(c) . Briefly, the lattice distortions 
